Middle Cretaceous calcareous nannofossils were quantitatively studied at Sites 800, 801, and 802 of Leg 129. Samples were selected after careful inspection of the total abundance and preservation of nannofloras in pelagic sediments in order to analyze only the best-preserved assemblages and exclude major secondary modifications of the nannofloras due to dissolution/diagenesis. Nannofossil data were compared with radiolarian distribution and paleolatitude values to trace the response of planktonic communities to plate motions toward the paleoequator.
INTRODUCTION
The Mesozoic sediments drilled at Sites 800, 801, and 802 of Leg 129 ( Fig. 1 ) contain calcareous nannofossils displaying wide fluctuations in abundance, preservation, and species diversity (see Erba and Covington, this volume) . The three sites were drilled at great water depths (Table 1 ) and oceanic sequences were recovered consisting mainly of chert, porcellanite, radiolarite, and claystone with a major influence by volcaniclastic turbidites. In such a scenario radiolarians are the most abundant group, and nannofossil distribution is restricted to calcareous intervals. At the three sites, pelagic limestone and chalk are limited to the middle Cretaceous interval, where nannofossils are better preserved and overwhelm radiolarians in abundance. They are absent in the Berriasian-Barremian interval, whereas the Upper Cretaceous interval is barren of nannofossils at Sites 800 and 801 but contains rare to abundant assemblages at Site 802 (Fig. 2) .
Quantitative analyses of nannofloras were performed on the better preserved samples of the Aptian-Cenomanian interval from Sites 800, 801, and 802 to point out possible fluctuations of assemblage composition reflecting paleoenvironmental changes. A similar study was carried out by at Deep Sea Drilling Project (DSDP) Sites 463, 464, 465, and 466 , where he identified a high-fertility nannofossil assemblage in the equatorial belt of the Central Pacific. In the present study nannofossil abundances are used in an attempt to recognize such an assemblage and the time of the equatorial crossings experienced by Sites 800, 801, and 802. Moreover, nannofossil information will be combined with the abundance changes of radiolarians in order to test the potential of using planktonic microfossils to trace plate motions with respect to the paleoequator. These paleon- 1 Larson, R. L., Lancelot, Y, et al., 1992. Proc. OW, Sci. Results, 129: College Station, TX (Ocean Drilling Program) .
2 Dipartimento di Scienze della Terra, Via Mangiagalli 34,1-20133 Milano, Italy. tological data might be used as independent evidence of the motion of the Pacific plate during the Mesozoic.
CRETACEOUS NANNOFOSSIL PALEOCEANOGRAPHY
In the past decade calcareous nannofossils have increasingly been used as tracers of Mesozoic oceans because they provide an excellent proxy record of chemical and physical changes of surface water masses. Roth (1986 Roth ( , 1989 presented compilations of data collected for the temporal and spatial distribution of Jurassic and Cretaceous nannofloras and outlined the major steps in their diversification and evolution. The most striking feature in the Mesozoic nannofossil history is their growing importance as producers of pelagic carbonates. The oldest consistent occurrence of calcareous nannofossils is dated as Carnian, and Late Triassic nannofloras have been reported from different basins (e.g., Bown, 1987; Bralower et al., 1991) . These assemblages were poorly diversified and species diversity progressively increased through the Jurassic (Roth, 1986 (Roth, , 1989 Erba, Castradori, and Cobianchi, in press) . A dramatic increase in abundance and diversity of calcareous nannofloras in the Upper Jurassic is responsible for the shift of carbonate deposition from shallow sites to open oceans. This event is most evident in the Tithonian of the Tethyan area, where a superbloom of nannoconids marked the lithologic change from dominantly or partially siliceous sequences of Middle and Late Jurassic age to widespread highly calcareous sediments in the Lower Cretaceous.
Detailed investigations of nannofloras have been carried out mainly in middle Cretaceous sequences, whereas the Lower and the Upper Cretaceous need more information. Quantitative analyses of Aptian-Cenomanian calcareous nannofossils were performed by Roth and coworkers (Roth, , 1986 (Roth, , 1989 Roth and Bowdler, 1981; Roth and Krumbach, 1986; Thierstein and Roth, 1991) Lancelot, Larson, et al., 1990) . SR = Shatsky Rise; ES = Emperor Seamounts; HR = Hawaiian Ridge; MPM = Mid-Pacific Mountains; MI = Marshall Islands; Cl = Caroline Islands; NB = Nauru Basin; OJP = Ontong Java Plateau.
from marginal seas were quantitatively studied by Watkins (1986 Watkins ( , 1989 in the Western Interior, by Mutterlose (1987 Mutterlose ( , 1989 Mutterlose ( , 1991 in Northern Germany, by Premoli Silva et al. (1989) and Erba (1986, 1987, in press ) in central Italy, and by Erba et al. (1989) and Erba, Castradori, Guasti, and Ripepe (in press ) in Southern England. These studies have contributed to better understanding the nannofossil biogeography and correlation of these data with sedimentology, organic and inorganic geochemistry, and distribution of other fossil groups allowed interpretations of changes in nannofloral composition related to primary paleoenvironmental signals. Interpretations converge on middle Cretaceous nannofloras being controlled mainly by relative changes in surface water fertility. Paleolatitudinal gradients only partially controlled the distribution of nannofossil assemblages but a few temperature-controlled nannofossil indices were tentatively identified. A more developed diversification was noted in oceanic than in marginal assemblages. Particular attention to diagenesis was paid by Thierstein (1980 Thierstein ( , 1981 , Roth (1984) , and Thierstein and Roth (1991) , who outlined the importance of preservation estimates to avoid misleading results caused by diagenesis. In fact, nannofossil preservation is a measure of carbonate dissolution and recrystallization and can be used to reconstruct the diagenetic history of pelagic carbonates. Various Cretaceous nannofossil taxa have been ranked with respect to resistance to dissolution/diagenesis (Thierstein, 1980 (Thierstein, , 1981 Roth, 1984; Roth and Krumbach, 1986) . Close inspection of taxonomic composition and preservation is needed to discern between primary differences and secondary changes in nannofossil assemblages.
As regards the Pacific Ocean, studied the nannofossil assemblages recorded at Sites 463, 464, 465, and 466 in the middle Cretaceous interval. Nannofloras displayed changes in composition are replotted in Figure 3 along with the lithology, the nannofossil biostratigraphy, and the paleolatitude changes inferred from the model of Lancelot and Larson (1975) and Lancelot (1978) Thiede et al, 1981) . It must be noted that B. Constans increases in abundance and reaches the maximum value before Z. erectus. The affinity of both B. Constans and Z erectus for high-fertility conditions were later confirmed in a number of studies carried out independently in different areas (Erba, 1986 (Erba, ,1987 Roth and Krumbach, 1986; Watkins, 1989; Premoli Silva et al., 1989; Erba et al., 1989; Erba, Castradori, Guasti, and Ripepe, in press; Roth, 1989) (Fig. 4) .
MATERIALS AND METHODS
Nannofossils counts were carried out using a polarizing light microscope. Smear slide preparation was kept simple to retain the original sediment composition. Centrifuge concentration and ultrasonic cleaning may selectively alter the nannofossil composition and modify the mineralogical composition of the sediments as well.
An accurate selection of the best preserved intervals was carried out through the middle Cretaceous recovered at Sites 800, 801, and 802, and samples affected by strong dissolution and/or overgrowth were not considered for quantitative analyses. Only 38 samples out of 300 were found to be suitable for this study, as shown in Table 1 . Particular attention was paid to the volcaniclastic units recovered at the three sites in order to detect the sporadic pelagic carbonate layers interbedded in the turbidites.
In each of the selected samples, counts of 300 nannofossil specimens were performed on randomly chosen fields of view, at 1250× magnification. The percentages of the most abundant species at the three sites are listed in Table 2 .
RESULTS
Calcareous nannofossil assemblages show some major changes through time in the selected samples from Sites 800, 801, and 802 ( Table 2 ). The total abundance of nannofloras does not vary significantly because only the layers with the most abundant nannofossils were selected from pelagic calcareous intervals for quantitative analyses. For the same reason preservation is always moderate to good, even in the volcaniclastic turbidite units, because only nicely preserved samples were analyzed. Good preservation is indicated also 
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Figure 2. Synthesis of nannofossil biostratigraphy applied to the Cretaceous sediments recovered at Sites 800, 801, and 802 (Erba and Covington, this volume) . Absolute ages, chronology, and magnetic polarity sequence after Kent and Gradstein (1985) .
by the low abundance of the dissolution-and diagenesis-resistant species Watznaueria barnesae and of other robust taxa as well. A percentage of 40% W. barnesae was proposed as boundary value to recognize assemblages altered by secondary modifications and therefore not suitable for paleoceanographic studies (Thierstein, 1981; Roth and Bowdler, 1981; Roth, 1984; Roth and Krumbach, 1986) . However, Roth and Krumbach (1986) , Erba et al. (1989) , Erba, Castradori, Guasti, and Ripepe (in press) , and Roth (1989) noted that high-fertility assemblages are significantly impoverished in W. barnesae. As shown in Table 2 , W. barnesae occurs with low percentages in samples from Sites 800 and 801, but this taxon is always more abundant than 40% in samples from Site 802.
The nannofossil fertility indices Biscutum Constans, Zygodiscus erectus, and Zygodiscus spp. were recognized in all the selected samples, and their distribution records dramatic changes through time. Major increases in abundance of these taxa were identified at Sites 800 and 801, but not at Site 802. Other nannofossil taxa displaying fluctuations in abundance are Cretarhabdus spp., Rucinolithus irregularis, and Discorhabdus rotatorius.
The composition of calcareous nannofloras will be discussed site by site in stratigraphic order, from the oldest to the youngest samples.
Site 800
At Site 800 calcareous nannofossils dominate the pelagic sedimentation from the early Aptian through the Cenomanian. Figure 5 shows the fluctuations in abundance of the most abundant taxa recognized in the middle Cretaceous at this site (Table 2) . . The paleolatitude plot, suggesting a motion toward the paleoequator, is inferred from Thiede et al. (1981) .
R. irregularis is relatively abundant in the upper lower and upper Aptian and sharply decreases in the Albian. Peaks in abundance of this species were noted in coeval samples of other sedimentary sequences (Erba, 1986, in press; T. Bralower, pers, comm., 1991) and might be induced by a paleoceanographic event on a global scale. R. irregularis is particularly abundant at low latitudes and might be an index of warmer waters. However, fluctuations in abundance of this species at low latitudes are not clearly related to changes of the surface water temperature and consequently the paleoecologic affinities of R. irregularis remains unrecognized.
In Sample 129-800A-26R-2, 103 cm, a relative increase in the abundance of Braarudosphaera africana, which record a value of 3%, was observed (Fig. 5) . This species is not listed in Table 2 because it is absent in all other selected samples.
The most striking change in nannofossil assemblages is recorded in the middle Albian, where the abundance of the high-fertility indicators B. Constans and Z. erectus are at least twice as high than in older samples: they increase from values of approximately 5% to values of more than 20% and both species reach maximum values in the E. turriseiffelii Zone. It must be noted however, that B. Constans reaches the highest abundance value (Core 129-800A-18R) slightly before Z. erectus (Core 129-800A-17R).
In Figure 6 the changes in abundance of the nannofossil fertility indices are compared with semiquantitative data on radiolarian abundance ("Biostratigraphy" section, "Site 800" chapter, Lancelot, Larson, et al., 1990 ) and with paleolatitudes computed from mean inclination measured in the sediments ("Paleomagnetics" section, "Site 800" chapter, Lancelot, Larson, et al., 1990 ).
An interval of extreme nannofossil dissolution occurs in the lower Aptian (C. litterarius nannofossil Zone). It corresponds to an interval with peaks in abundance of radiolarians that are otherwise absent or rare in the Aptian of this site. This change in planktonic assemblages is most probably not diagenetically induced; in fact, in the upper lower Aptian the few pelagic intervals recovered consist of porcellanites, whereas older and younger pelagic sediments within the Aptian are nannofossil limestone and claystone. During the Aptian, Site 800 moved from a paleolatitude of 14°S to 10°S and changes in planktonic assemblages are not correlatable to significant changes in paleolatitude. Peculiarly, the sharp decrease in abundance of calcareous nannofossils coinciding with the peak of radiolarians observed in the upper lower Aptian at Site 800 resemble coeval records from the Pacific ocean Sliter, 1989) and from the Tethyan area, where a widespread "black shale" event, named "Selli Level," was recognized (Wezel, 1985; Coccioni et al., 1989; Erba, 1986, in press ). The Selli Level black shale, barren of calcareous plankton and characterized by extremely abundant radiolarians, has been interpreted as a high-productivity event probably triggered by a global change in the middle Cretaceous ocean. Recently Larson (1991a Larson ( , 1991b documented the eruption of a superplume taking place in the early Aptian in the Pacific basin. This pulse in oceanic crust production is correlatable with the onset of a number of peculiar mid-Cretaceous events, such as the long interval of normal magnetic polarity, black shale deposition, increase of world temperature, rise in eustatic sea level, a carbonate dissolution event (Larson, 1991b) . Major changes in nannofossil assemblage composition and taxonomic diversification have been correlated to this superplume eruption (Erba and Larson, 1991) .
The changes in the planktonic communities in the upper lower Aptian at Site 800 might be correlatable to this superplume and represent the response to the new oceanic environment characterized by a high intraplate volcanism. Apossible link between volcanic episodes and deposition of carbonaceous sediments was suggested also by Schlanger et al. (1987) for the mid-Cretaceous black shales.
At Site 800 the shift of nannofloras to high-fertility assemblages occurs in the middle Albian and is accompanied by an increase in abundance of radiolarians (Fig. 6) . At this time Site 800 records a paleolatitude close to 7°S. During the rest of the AlbianCenomanian nannofloras remain abundant and characterized by high percentages of both B. Constans and Z. erectus. These two species reach maximum abundance in Cores 129-800A-18R and 129-800A-17R, respectively, where radiolarians record a major increase in abundance as well and paleolatitude values are close to 5°S.
Another major change occurs in Core 129-80OA-10R, which is barren of nannofossils and where radiolarians are the only biogenic components of the sediments. Paleolatitude was close to 2°S suggesting that Site 800 was very close to the paleoequator and sedimentation was taking place in the inner part of the upwelling belt.
Site 801
At Site 801 only the uppermost Aptian and Albian sediments contain calcareous nannofossils. In this interval the assemblages are characterized by high abundances of both B. Constans and Z. erectus (Table 2 and Fig. 7) , with values very similar to those recorded for the middle Albian to Cenomanian interval of Site 800. These data suggest proximity to the upwelling equatorial belt.
A decrease in abundance of both nannofossils and radiolarians in the lower to middle Albian (Cores 129-801B-4R to 129-801B-2R) (Fig. 8 at Site 463 (Fig. 3) . Although both species have been interpreted as indicators of high surface-water fertility, discrepancies in their distribution were noted Erba, Castradori, Guasti, and Ripepe, in press; Roth, 1989; Watkins, 1989; Thierstein and Roth, 1991) . From the present study it seems that Z. erectus becomes really abundant only in the upwelling belt, whereas B. constans increases in abundance already at the margins of the high-fertility area. If this is correct, B. Constans is sensitive to high fertility in a mesotrophic environment, whereas Z. erectus is an index of higher fertility in a more eutrophic environment. In passing to a highly eutrophic environment nannofossils are first affected by dissolution and then totally replaced by siliceous plankton. In fact, calcareous nannofossil assemblages record a relative decrease in abundance of the fertility indicators species in Core 129-801 A-14R, and sediments above Core 129-801A-13R are barren of nannofossils. These changes in the nannofloras are accompanied by a sharp increase in abundance of radiolarians, which become the only biogenic component in Cenomanian and younger sediments. As shown in Figure 8 , changes of planktonic assemblages are correlatable to paleolatitudes computed from mean inclination measured in the sediments ("Paleomagnetism" section, "Site 801" chapter, Lancelot, Larson, et al., 1990) . Calcareous nannofloras were most abundant and characterized by the maximum values of the high-fertility indices when Site 801 was at paleolatitudes between 10°S and 5°S. At the same time radiolarians experienced an increase in abundance. When paleolatitudes were closer to the paleoequator (approximately 2°S) nannofossils disappeared and radiolarians dominated the upwelling area. These results are consistent with those reported for Site 800.
In the undated Valanginian to upper Aptian interval recorded at Site 801 calcareous nannofossils are absent, but radiolarians show a peak in abundance in samples just below the upper Aptian sediments. This short interval might correspond to the dissolution event recorded in the upper lower Aptian at Site 800.
Site 802
Only a few samples from the middle Cretaceous of Site 802 were selected for counting of nannofossils. In fact, although abundant, nannofossil assemblages are often poorly preserved and W. barnesae constitutes more than 50% of nannofloras (Table 2 and Fig. 9 ). In the studied samples B. Constans and Z. erectus are common but never really abundant. Throughout this interval radiolarians are very abundant and become the only biogenic component of pelagic sediments from Core 129-802A-52R, where nannofossils disappear. Paleolatitude values computed from mean inclination measured in the sediments ("Paleomagnetism" section, "Site 802" chapter, Lancelot, Larson, et al., 1990) indicate the motion of Site 802 toward the paleoequator, but values of approximately 8.5°S to 7°S were measured for this interval (Fig. 10) . Nannofossil assemblages might reflect a poorer preservation in a deep environment or moderate fertility composition.
Paleolatitudes were much closer to the paleoequator in Santonian and Campanian times but nannofossil assemblages were not studied because the Paleoecology of the Late Cretaceous nannofloras is not known yet.
DISCUSSION AND CONCLUSIONS
Quantitative data of calcareous nannofossils from middle Cretaceous sediments recovered during Leg 129 display changes in assemblage composition. A careful selection of pelagic layers was performed to analyze only the best preserved nannofloras. Changes of nannofossil assemblages are recorded mainly by B. Constans and Z. erectus displaying wide fluctuations of relative abundance. In previous studies of middle Cretaceous paleoceanography, these species were recognized as high-fertility indicators sharply increasing in abundance in the paleoequatorial belt of the central Pacific and upwelling sites from the Atlantic Ocean and other marginal seas. Integration of the nannofossil data with radiolarian distribution and paleolatitude values calculated from sediment inclination, contributes to reconstructing the motion of the Pacific plate with respect to the paleoequator.
At Sites 800 and 801, the high-fertility indices sharply increase in abundance in proximity to the southern edge of the paleoequatorial belt (approximately 7° to 5°S). When sites reached the core of the upwelling zone (approximately 2°S), nannofossils were totally replaced by radiolarians. Moreover, at both sites, B. Constans increases in abundance prior to Z erectus as also documented by at Site 463. Therefore, it seems that Z. erectus becomes really abundant only in the upwelling belt, whereas B. Constans increases in abundance already at the margins of the high-fertility area. If this is correct, B. Constans is sensitive to high fertility in a mesotrophic environment, whereas Z erectus is an index of higher fertility in a more eutrophic environment. In passing to a highly eutrophic environment nannofossils are first affected by dissolution and then totally replaced by siliceous plankton. This hypothesis is illustrated in Figure 11 , where Cretaceous planktonic microfossils are tentatively compared to the surface water trophic conditions. The upper part of Figure  11 represents the oceanic surface-water trophic-resource continuum (TRC), comparing the modern Atlantic and Pacific oceans.
The studies conducted on the modern nannoplankton in the Pacific Ocean (Okada and Honjo, 1973; Roth and Berger, 1975; Geitzenauer et al., 1976; Roth and Coulbourn, 1982) show latitudinal patterns in the nannofloral composition besides a strong influence of preservation. However, selective dissolution only partially obscures the record of coccolith provinciality: an equatorial assemblage was detected and related to higher nutrient content and relatively cooler temperature in the equatorial upwelling belt. Likewise, the nannofloral distribution in the Cretaceous Pacific ocean seem to reflect the more fertile conditions of the paleoequatorial upwelling area.
At Site 802 nannofossils are abundant but poorly preserved. B. Constans and Z. erectus are not abundant throughout the middle Cretaceous. The assemblages might reflect sedimentation at a site south of the paleoequatorial divergence but could also be the result of increased dissolution in a deeper environment.
A dissolution event was observed in upper lower Aptian sediments from Site 800. Nannofossils are virtually absent and the radiolarians record a peak in abundance while they were not observed in the lower and upper Aptian. Similar patterns were recognized in coeval se-quences from the Pacific ocean and the Tethyan area and might be triggered by a global oceanic event such as the intraplate volcanic activity recently documented by Larson (1991a Larson ( , 1991b . Changes in preservation of nannofloras and abundance of fertility indices in the Aptian to Cenomanian interval at Site 800. Distribution of radiolarians ("Biostratigraphy" section, "Site 800" chapter, Lancelot, Larson, et al., 1990 ) and paleolatitudes calculated from sediment inclinations ("Paleomagnetics" section, "Site 800" chapter, Lancelot, Larson, et al, 1990 ) are also shown. . A. Representation of the oceanic surface-water trophic-resource continuum (TRC), comparing the modern Atlantic and Pacific oceans, and predicting how reduced oceanic mixing should expand the TRC while increased rates of oceanic mixing should reduce the TRC (adapted from Hallock, 1987) . B. Inferred life-history strategies and trophic resources for the mid-Cretaceous. In the planktonic foraminiferal assemblages the hedbergellids seem to be adapted to resource-richer, lower stability environments with eutrophic niches, while the globigerinelloids seem apparently adapted to more mesotrophic conditions than hedbergellids (Caron and Homewood, 1983; Leckie, 1987 Leckie, , 1989 Premoli Silva et al., 1989; Sliter and Premoli Silva, 1990) . In calcareous nannofossil assemblages, Biscutum Constans and Zygodiscus erectus seem to prefer eutrophic conditions, partially overlapping with radiolarians' preferred environment. Moreover, Z. erectus seem to indicate more eutrophic conditions with respect to B. Constans.
